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Abstract Water shortages and related environmental degradation in North China are ma-
jor issues facing the country. As runoff from the mountainous parts of the region steadily
decrease and water resources become overcommitted, serious water and environmental
problems have resulted. These include drying-up of rivers, decline in groundwater lev-
els, degradation of lakes and wetlands, and water pollution. Thus, 4000 km of the lower
reaches of the Hai River – some 40% of its length – has experienced zero flows and, as
result, parts of this river have become an ephemeral stream. The area of wetland within
the Basin has decreased from 10,000 km2 at the beginning of 1950s to 1,000 km2 at
present. Over-extraction of groundwater occurs beneath 70% of the North China Plain,
with the total groundwater over-extraction estimated at 90 billion m3. Thus, problems of
water shortage and related environmental issues in North China have become the most
significant limiting factors affecting sustainable development in this important region of
China.
This paper addresses the water security issues facing North China in the 21st Century
using the Hai River basin as an example. We describe hydrologic cycles under changing
environments, water-saving agriculture, assessment of water resource security, and efforts
towards achieving integrated catchment management.
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1. Water security problems in North China
North China, covering an area of more than 1.5 million square kilometers, is one of China’s six
administration regions, and plays an important economic role (Fig. 1). In 2000, the population
of the North China Plain was 437 million (35% of the nation), GDP was  3130 billion (32%
of the whole), and irrigated agriculture occupied 23 million ha (42%) (Chen, 2002). Whereas
the Hai River Basin, the major river basin in the region, has an mean annual water yield of
about 42 billion m3, water resources per capita is only 305 m3 less than one-seventh of the
Chinese average and 1/24th of the world’s (Figure 2). The region is currently experiencing
serious environmental degradation: groundwater depression, drying up of rivers, reduced
wetlands, and pollution of surface water and groundwater. These problems are associated
with rapid economical development which has led to excessive exploitation of water resources
and reduction of runoff (Chen and Xia, 1999; Chen, 1994; Xia and Tackeuchi, 1999; Xia and
Tan, 2002). The result is that water security in North China is severely threatened.
Water resources issues in North China have received considerable attention from the
Chinese government, and there has been notable progress (Liu and Wei, 1989; Liu and
Yu, 2001; Chen, 1985). However, due to the nature and complexity of the situation, water
shortages remain a major problem. Apart from social and economic factors, the biophysical
aspects of the hydrological cycle, and its ecosystem interactions, require better understanding
in order to provide a sound scientific basis for policy development.
1.1. Runoff reduction in mountainous areas
The mountainous areas in the North-west are the source of most of North China’s wa-
ter supply. However, runoff has significantly decreased over the last 30 years, leading
to serious water shortages on the North China Plain and its major cities (Chen, 1999).
For example, the average annual inflow to the Guanting Reservoir, one of the major
Fig. 1 Major river basins, water resources regions, and availability of water resources in China (Source: Xia
and Chen, 2001)
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Fig. 2 Water resources per capita in China, showing low values in the Hai River basin of North China (Source:
Qian et al., 2001)
water supplies for Beijing, decreased from 1.13 billion m3 in 1955–1984 to 0.27 billion
m3 in 1985–1995, a 75% reduction (Wang et al., 2000). The reduction is chiefly due to
land-use change (e.g. dams and afforestation), since average rainfall has stayed about the
same. Similarly, inflow to the Miyun reservoir near Beijing shows the same downward
trend. Compared with the period of 1960–1979, the average inflow during the period of
1980–1997 had decreased by 0.4 billion m3 (Wang et al., 2000). Reductions in runoff from
the mountains have put tremendous pressure on the ecological environment (Liu and Wei,
1989) and on the social, economic, and development fabric of the region (Liu and Wei,
1989).
In seeking a solution to this problem, understanding the hydrological processes in the
mountains, particularly runoff mechanisms, is a prerequisite. Research will need to focus on
the effect of large land use changes, quantifying the impact and looking at how engineering
work may have reduced runoff. This will provide a scientific basis for future water resources
planning and management decisions.
1.2. Groundwater depression around major cities
Large parts of North China rely on groundwater as a major source of water supply. With
population growth and economic development, groundwater has been over-exploited, leading
to a steady decline in the water table. It has been estimated that 90,000 km2, 70% of the
North China Plain, has been affected by groundwater over-exploitation (Liu and Yu, 2001).
As result, severely lowered water tables now surround the major cities in the region – Beijing,
Shijiazhuang, Baoding, Xingtai, Handan, and Tangshan. Exhaustion of groundwater directly
threatens the security of water resources in the North China Plain and has also led to serious
land subsidence and seawater intrusion.
Nevertheless, over-extraction continues, and if population and economic growth in the
region is to continue, ways of increasing recharge to the groundwater system and of preventing
groundwater pollution will need to be found.
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1.3. Water pollution and ecosystem degradation
Pollution of surface water presents a serious threat to water security in the region, especially
in the Hai river basin. Water pollution has grown from some local reaches 20 years ago to
the whole basin, spreading from downstream to middle reaches, from urban to countryside,
and from ground surface to subsurface. Waste water discharge in the Hai river basin reached
6 billion ton’s in recent years (Wang et al., 2000). Because of deteriorating water quality,
Guanting reservoir has, since 1997, ceased supplying domestic water to Beijing. Each year,
more than 2 billion m3 of sewage water is used for irrigation in the basin (Xia et al., 2004),
causing contamination of shallow groundwater, soil, and crops.
Damage to the riverine environment has also become serious. Most of the watercourses
in the middle reaches of rivers have virtually dried up and are no longer able to recharge
groundwater systems, instead they discharge sediment and salt. These changes have led to
land degradation and wetland reduction. Among a total length of 10,000 km of watercourses,
some 4000 km has dried up (Wang et al., 2000), and 194 natural lakes and depressions
(amounting to 6.67 km2) have disappeared (Wang et al., 2000). Stream discharge to the
ocean dwindled from an annual mean of 24 billion m3 in the 1950s to 1 billion m3 in 2001
(Wang et al., 2000). As a result, the ecosystem of the Hai river basin has drastically changed.
The river’s mouth has become choked with silt and loaded with salt, the natural ecological
balance has been destroyed, and many estuarine organisms have become extinct (Xia et al.,
2004).
These problems have forced us towards improving knowledge of how water pollution
affects the ecology of this environment, and how human activities – like the large hydraulic
engineering works undertaken in the 1960s in the Hai river basin – impact on the ecosystem.
The effect of natural changes, such as drought, also needs to be taken into account. Answers
to the problems are compounded by the inherent conflicts between flood control, water
shortages, and ecological protection. All these issues, which call for urgent attention, are
generating intense discussion at present (Xia et al., 2004; Chen et al., 1999; Huang and Xia,
2001; Liu and Chen, 2000p; MWR, 1997; Qian, 1991).
1.4. Changed water consumption patterns
Because of its key place in the China’s economy, and its special climate and geography, the
availability of water resources in North China is becoming critical, especially in the Hai basin
which has seen continuous rapid growth in economy and population over the last 20 years.
Industrial growth in Beijing, Tianjin, and some megalopolises has plateaued, but most other
areas in this basin are expected to sustain growth until 2030, and their demand for water
– for homes, industry, and the environment – will increase accordingly (Xia et al., 2004;
Jia and Zhang, 2003). Unless measures are taken, there will be a serious conflict between
supply and demand, and ultimately the environment will suffer (Qian, 1992; Qian and Zhang,
2001).
To meet the shortfall and give the environment a chance, one option is to find some way
of transferring water from further south (Xia et al., 2004; MWR, 1987), but in any case a
rational way of allocating water resources is needed. Water allocation policies should take into
account projected growth scenarios, but there is no doubt that reasonable limits to growth will
be required. Moves towards a sustainable life-style will help, as will water-saving measures
and concern for the environment (Xia et al., 2004). The problem is one of reconciling the
conflicting needs of different end-users.
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The answer is difficult because as yet we are not even clear on what sort of extra water-
supply infrastructure will be needed, and predicting demand for water, particularly that
required for the environment, is not easy (Xia et al., 2004).
1.5. Seeking a way forward: Integrated catchment management
The Chinese government has made much effort to address the water shortages and related
environmental problems in North China (Qian, 1992; Qian and Zhang, 2001; World Bank,
1997). So far as water resources management is concerned, its objective for the 21st Century is
to implement a strategy of developing the region socially and economically while protecting
the environment (SPC, 1995; Xia and Chen, 2001; Xia et al., 2001; Xia, 1997).
In scientific terms, implementing such a policy requires tools of integrated catchment
management. Such a tool should be able to reasonably quantify the carrying capacity
of a basin. It should be able to objectively weigh up the options between saving wa-
ter and transferring it from elsewhere. An objective way of balancing the needs of the
Hai river basin in terms of development and cost to the environment would be highly
valuable.
The ideal model should be able to determine how groundwater tables interact with environ-
mental water requirements; it should be able to balance the benefits of increased groundwater
recharge, controlled land subsidence, and prevention of saline incursions against the cost of
water transfers and implementing water-saving measures. Ultimately, of course, science needs
to offer a way towards a feasible and permanent solution. Can we overcome water shortages
and also repair environmental damage? All these challenging questions call for intense study
and earnest consideration.
2. Towards scientific solutions
The Chinese Academy of Sciences (CAS) occupies a key position in organising the nation’s
fundamental and applied research. Since the 1960s, CAS has promoted research in water
resources, agriculture, and ecology, with experimental expertise built up at the Yucheng
Synthesised Agricultural Experiment Station, the Luancheng Agricultural-Ecological Ex-
periment Station, and elsewhere (Liu and He, 1996; Zuo et al., 1985). One key project, a
study on integrated waste-water disposal and the development of a medium-to-low intensity
production region in the Huang-Huai-Hai Plain, was initiated by CAS in the 1980s. Again,
during the Ninth Five-Year Plan, another key project – on variation and allocation of water
resources in North China – was carried out, along with some related projects.
More recently, in 2001, a Knowledge Innovation Project involving research on hydro-
logical cycles and water security in North China, was funded by CAS. The project’s chief
goal was to scientifically examine three important issues: hydrological cycles under changing
environments, how farmland consumed water and the potential for water-saving agricultural
practices, and water security under natural change and human activity (Xia et al., 2004; Plate,
1993). A diversity of scientific problems were tackled, including: (1) the interaction between
land use change and the water cycle, and modelling it under changing environments using
a distributed hydrological model; (2) how water-saving measures reduce evapotranspiration
under farmland system, and an evaluation of its potential to save water; (3) establishing a
system of water-security assessment that takes account of the principles of sustainable de-
velopment at the same time as the economic law of supply and demand in regard to water.
These three basic themes are set out in more detail below.
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2.1. Study of the hydrological cycle
Here the work mainly centres on water-use problems involving the interplay between,
firstly, the environment versus urbanisation and, secondly, the environment versus agriculture
(WWC, 2000; Rodda, 1995; Kundzewicz, 1997). Experimental stations have been established
in two typical basins: the Ziya basin of the Hai River agricultural plain and the Chaobai basin,
which forms the catchment of the Miyun reservoir. Hydrological characteristics and their vari-
ations were identified, allowing refinements to be made to a distributed hydrologic model,
both under natural conditions and human activity. The effects of a decrease in the reservoir
inflow and space - time variations in soil water and groundwater were analysed (Xia et al.,
2004). The aim was to provide a scientific foundation for understanding changes in water
resources, for measuring and calculating water resource availability, and for assessing how
much water was required for the environment. This work provided a foundation for tackling
the broader issue of water security.
2.2. Ways of reducing water consumption
Studies at the Luancheng and Yucheng Agricultural-Ecological Experimental Stations have
focused on solving common problems encountered by farmers in the region (Zhang et al.,
2005; Luo et al., 2000). In brief, they have looked at the physiological and environmental
aspects of water consumption on farms and how water can be saved by considering water-
energy transfer in soils and plants. Irrigation is a prime user of water, and work has shown
ways of saving water on farms by using more-efficient irrigation techniques. The main
thrust is to tailor water-saving technology and practices appropriate to each region, thereby
improving water-use efficiency and slowing, or halting, the continuing downwards trend in
the groundwater table as groundwater is the source for most irrigation in the region.
2.3. Water allocation and water security
This program aims to promote allocation of water for the benefit of the environment. The idea
is that water should be allocated under the sustainable development principle. To do this, we
will need to be able to predict trends in the water availability and water supply over the next
30 years. The effect of industrialisation, urbanisation, and new water rights and water-pricing
systems will also need to be taken into account (Falkenmark, 1997).
Another part of the work is a wide-ranging investigation of the water-saving options. This
ties in with building a theoretical model that could allow us to assess, and put a number on,
a region’s water security or vulnerability. Thinking of new ways to improve water security
is a recurring theme.
This project will expand our knowledge and, at the same time, suggest innovative ways of
regulating the soil - plant water interaction. It will improve water security for both humans
and the environment. Hopefully, it will improve the skill and expertise of scientists for the
benefit of the nation; such an aggregation of experts could help in achieving other national
strategic targets such as sustainable development and environmental protection.
3. Examples of research achievements
In this section we will look at some successful research that has had a marked effect on
improving our understanding of how water passes through the soil - plant-air interface.
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The approaches used have ranged from practical field experiments to physical theories and
complex computer models.
3.1. Basic studies of the hydrological cycle
A detailed knowledge of the water cycle on North China farmland has accumulated over the
years thanks to focused experimental catchments and dedicated research stations shown in
Figure 3. These typical basins include the Chaobai river basin, a mountainous region includ-
ing the Dongtaigou, Xiaochangyu, and Huaishahe catchment; the Chongling experimental
basin in the hilly Daqing river region; and the Ziya river basin (the Shimen catchment, the
Luancheng station, and the Nanpi station) on the agricultural plains. Hydrological data has
been acquired by a range of techniques that include isotope tracers.
Taking the Dongtaigou experimental catchment as an example, the impact of land use
change, especially the soil and water conservation work, on the reservoir’s inflow has been
analysed using comparative studies on two small catchments (Xia et al., 2004). During one
storm event in 2003, 22 mm of rain fell during 0.45 h (the average rainfall intensity was
50 mm/h, and the maximum rain intensity was 1.8 mm/min). Comparing the two catchments,
the runoff depth of the natural catchment without water conservation work was 18.5 mm,
but none in the catchment with conservation. In the untreated catchment, sediment and litter
scoured by water was about 1.5 tonnes with an erosion modulus of 8.8 t/km2. In the controlled
catchment, there was no runoff and no erosion.
Work on groundwater wells at the Luancheng and Nanpi Experimental Stations has demon-
strated that the rainfall-infiltration process, and associated variations in soil water potential,
are relatively complex within 2 m of the surface (Xia et al., 2004). Strong variations are
evident, with the soil water potential ranging from −400 mm to −1200 mm, and the soil
moisture content varying from 10 to 39%. Soil water levels diminish progressively as the
Fig. 3 Experimental catchments of Chinese Academy of Sciences in North China
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depth increases to 3 m and beyond; this shows that soil water plays a key role in water transfer
and crop water consumption down to significant depths. Understanding the movements of
soil water remains a key problem in studies on water resources of the North China Plain.
3.2. Distributed hydrological models
Much research has been devoted to developing an accurate distributed hydrological model.
We have developed hydrological non-linear system theory, and put forward a Distributed Time
Variant-Gain Model (DTVGM), which has been applied to the Chaobai river basin (Xia, 2002;
Xia et al., 2003, 2005; Wang et al., 2002). DTVGM is based on GIS/DEM, and abstracts
the land surface gradient, flow direction, flow pathway, river network, basin boundary, and
land cover. It extends the lumped non-linear Time Variant Gain Model (TVGM) to the
distributed hydrologic modelling on raster grids provided by DEM, and conducts successive
flow routing between adjacent concentration grids. Outputs of the model included the time -
space distribution of the hydrologic elements and the flow processes of the basin’s outlets.
DTVGM is a research tool integrating a hydrological understanding with systems theory,
giving a better theoretical base and applicability. It can numerically simulate and analyse
the impacts of land use change and water conservation work on reservoir inflow, and the
responses of hydrologic processes to variations in precipitation. Lastly, we have verified
a groundwater-surface water integration system model (SWAT/MODFLOW) for the Plain
region and a large-scale land surface hydrologic model in the Hai River basin (Fig. 4).
3.3. Field experiments on agricultural water use efficiency
At Yucheng and Luancheng experimental stations, we have used closely monitored experi-
mental plots to observe crop - water relationships. Researchers from have built up a spatial
database of water diversions, meteorology, soils, and crops for the Panzhuang irrigated area
in the lower reaches of the Yellow River. Using this experimental base, studies on crop water
deficits based on the canopy temperature have been carried out. Minimum canopy resistances
have been measured in different growth stages of North China winter wheat and a diagnostic
index system of water deficit developed (Luo et al., 2000). In terms of water uptake, we have
put forward a model that takes into account root distribution.
Fig. 4 Integrated system of hydrologic models at various scales in North China
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Improving agricultural water use efficiency is important, and in this respect we have looked
at a physiological/ecological approaches. Choice of species is a key factor, because, as Fig. 5
shows, water-use efficiencies (WUEs) can vary by 15–20% depending on species (Sun et al.,
2003). We established a correlation between WUEs of winter wheat and five other factors:
photosynthetic rate, specific leaf weight of functional leaves, transpiration rate of functional
leaves, wax content of flag leaf, and harvest ratio.
Turning to irrigation, we have looked at a novel scheme whereby the irrigation supply is
regulated to keep a crop in water deficit. Under such conditions, we found that the best times
for applying water to winter wheat were the turning-green stage and the later ‘grain-filling
stage. As a result, moderate levels of regulated water deficits do not reduce yields; at the
same time, the optimised irrigation system could reduce water use by 60–120 mm, increasing
WUE by 8–13%.
Another practice aimed at saving water in farming systems is straw mulching (Chilima
et al., 2002; Wang et al., 2001). Spreading straw on the soil has clear effects in conserving
water, reducing surface evaporation by 20–35 mm and increasing the farm crop WUE by 8–
13%. Covering winter wheat and summer maize with whole straw reduced irrigation by 60–
80 mm in a normal year (Table 1). Tillage is reduced or eliminated, saving water and energy,
but it needs appropriate field management practices (Subhani et al., 2000; Wang et al., 2004).
Five different of water saving irrigation regimes have been investigated in the well irri-
gation district, each using a different pattern of water distribution and application (see Chen
et al., 2004 for details). These regimes have had widespread application, and can reduce
water use by 60–150 mm and increase WUE by 20–30%. The key results of the research are
Table 1 Impact of different farming practices on the water use efficiency of winter wheat (Zhang et al.,
2005)
Soil water Rainfall Irrigation Gross water
consumption amount amount consumption Yield WUE
Treatment (mm) (mm) (mm) (mm) (kg/ha) (kg/mm/ha)
Deep plowing 73.76 133.8 222.8 430.4 4789 11.1
Rotary tillage 35.34 133.8 222.8 391.9 5775 14.7
Harrowing 46.54 133.8 147.8 328.1 3986 12.2
Zero tillage −47.11 133.8 147.8 234.5 3539 15.2
Fig. 5 WUE (water use efficiencies) for different varieties of winter wheat (Zhang et al., 2005)
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set out in Figure 6, which shows that the potential for saving water in agricultural production
is high.
The amount of water saved could reach 8 billion m3 if the techniques were fully imple-
mented in agriculture while maintaining the current gross food production. Other important
ways of saving water include adjusting and optimizing planting pattern, reducing the planting
area of thirsty crops, and increasing it for crops that don’t consume so much.
3.4. Assessing water security
North China has reached a stage where its water supply, in the long term, is not assured (Jia
and Zhang, 2003; Zhang, 1999; Zhang and Zhang, 1995). Water security means the ability
to supply water, according to a specified quality, to homes and industry under conditions
satisfactory to the environment and at an acceptable price. The definition of water security
includes: (a) population-wide security, that is, everyone can obtain secure water for domestic
use; (b) economic security, namely water resources can satisfy the normal requirements of
economic development; (c) ecological security, namely water resources can meet the lowest
water demands of ecosystems without causing damage.
Ways of overcoming a lack of security include: public education, controlling water supply
and demand, and using water resources so as to satisfy only reasonable socio-economic
requirements. In terms of broadening water supply sources, besides the proposed South–
North Water Transfer project, alternatives include sewage and rainwater utilization, and even
seawater utilization; all of these are worthy of attention, and should be regarded as a strategic
measure to ensure North China’s water security.
To reduce expenditure, specific ways of limiting water resources demand are: (i) increasing
water use efficiency and decreasing water use quota across all industries; (ii) reducing high
water-consuming industries and enhancing low water-consuming ones, in this way improving
the water use efficiency of the whole economic system; (iii) domestically, reducing water
wastage by encouraging good water use habits; and (iv) decreasing water use in the home
by popularizing water-saving techniques. Generally speaking, preventing water pollution is
the most essential step for ensuring North China’s water security. Because the normal water
supply of the North China region is relatively small, not even the proposed South–North
Water Transfer Project will remedy that. Therefore, the cornerstone of overcoming North
Fig. 6 Comparison of crop yields and WUE (water use efficiencies) for different irrigation regimes (Zhang
et al., 2005)
Springer
Water Resour Manage (2007) 21:233–247 243
China’s water security problem lies in sophisticated water management techniques and in
finding new non-conventional water sources (Zhang et al., 1992).
4. Challenges and opportunities
Water resources underlie the basic need of people’s livelihood and the national welfare;
without water, there can be no economic development. Understanding the hydrological cycle
will provide a scientific basis for efficient water resources management and allow us to deal
with temporal and spatial variations in water resources.
For a long time, conflicts existed between high-intensity human activity, economic de-
velopment, and the environment. From a strategic point of view, the principle of sustainable
development provides a potential avenue for solving these conflicts. Insight into interactions
between the environment and industrialisation may provide important clues into how sustain-
able development patterns for North China can be achieved. In the next decade, we anticipate
progress in the following areas: (a) understanding of the hydrological cycle; (b) allocation of
water between the environment and socio-economic uses; (c) integrated catchment modelling.
As a rapidly developing region, North China plays a vital role in China’s economic and
social well-being. Of the serious environmental problems facing the region, water security has
become a key issue in maintaining sustainable development. This presents challenges for both
hydrologists and policy makers. The complex nature of the problems requires lateral thinking
and multi-disciplinary research, including social and economic research. It is encouraging
that both the central and local governments are committed to improving living standards in
the region while protecting its environment.
To achieve the goal of economic development while improving environmental quality, in
our estimation a research agenda along the following lines rates highly.
4.1. Studies of catchment-scale ecohydrological processes
Ecohydrology is an import component of catchmnet hydrological processes. Vegetation cover
is closely related to water availability, especially in the arid and semi-arid region of northern
China. Water is the limiting factor in vegetation growth. At present, drying up of rivers in the
region is the direct result of the water conservation works in its catchments. Vegetation can
influence water yield and hence affect water security (Zhang et al., 2001). However, there
is limited research on the interactions between hydrological and ecohydological processes
in North China. We need to better understand the interactions in the soil - vegetation -
atmosphere system; we also need to be able to quantify catchment-scale evapotranspiration
and its change under future climate and land use change scenarios. Study of catchment-scale
eco-hydrological processes will improve our understanding of vegetation - water relationships
in various climatic zones and provide a scientific basis for land use change planning.
4.2. Water use efficiency and alternative water resources
North China is a region with limited water resources. As the local economy rapidly develops,
water shortages are becoming critical. Among the various sectors, agriculture is the biggest
water consumer and its water use efficiency is currently low. This issue is an important
one in developing a national long-term science and technology plan. The key is to improve
agricultural water use efficiency through advanced irrigation techniques and more efficient
use of rain. It is perhaps equally important to consider alternative water resources such as
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sewage and seawater. This will require highly efficient technologies for processing seawater
if users are to have access to an affordable water supply. There are successful examples of
using sewage water for irrigation; however, to avoid soil and groundwater pollution, extreme
caution is needed.
4.3. Integrated catchment management
The catchment is the basic unit of the natural water cycle; it is also the basic system in terms
of water collection and use. Protecting water quality and rationally allocating it to users are
issues that must also be decided on a regional scale. This is where integrated catchment
management plays an important role, and this approach is the focal point of much current
international hydrological research. Here, science is attempting to provide a rational basis for
gauging catchment responses to human activities, regulations, and climate change. Research
can help through investigating catchment hydro-ecological processes, physical aspects of
sedimentation in the water cycle, the chemistry of point and non-point pollution sources, and
the mechanism and control of soil erosion and transport processes.
Catchment hydrological models provide a tool for simulating and analysing catchments.
The starting point is an acknowledgement that water resources management in China greatly
lags behind that of developed countries. Water shortages, water pollution, flood damage,
and soil and water erosion are still very serious, particularly in the Northern part of China.
Integrated catchment management provides a valuable way of exploring options – how to
make water resources sustainable, how to assure water supply, and how to reduce erosion. It
offers an efficient approach to solving water problems in China.
Integrated catchment management models can analyse various scenarios of water demand,
and provide a scientific basis on which the government can make decisions to overcome
water problems. The current main research effort is along the following lines. First, the
catchment distributed hydrological models (see Section 3.2) are being used to look at the
effect of climate change and land use/cover changes. Simulation models are also being applied
to the interaction between hydrology, ecology, and the aquatic environment; an important
aspect here is the ability to consider non-point sources of pollution. Integrated catchment
management approaches can investigate the optimum way of dividing a given water resource
between industry, households, and the environment.
Simulation models are also being used to look at the relevant factors affecting a decision
to develop future water resources, and how best to use that water. They can forecast the
hydrological effects of land use change, particularly urbanisation, and the quantity and quality
of water resources. For example, what is the impact of a structural readjustment in a region’s
industrial mix and layout, and what is the effect of a water price policy on water demand?
These models can provide important background information to decision-makers.
‘Clean and green’ is an increasingly favoured approach internationally, and the predicted
outcomes of management measures – such as clean production and the growing implementa-
tion of water-saving techniques – are of great value to the administrator in forecasting water
demand. Alternative sources of water – brackish water, seawater, recycled sewage, and the
like – are attracting considerable interest, and assessing their potential to overcome water
shortages has become a major research theme (Xia et al., 2004.).
4.4. Legislation and market-based approaches for water resources management
Management of water resources requires not only understanding of the biophysical processes
involved but also of social and economic constraints. In planning regional development, it
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is important to consider water security as it will significantly affect the final outcome. North
China is a water-limited region and it is unsustainable to develop industries with high water
consumption. Currently, there is no system-wide approach for estimating water consumption
and the associated economic returns from various industries. This calls for research on water
requirements and consumption of various industrial, domestic, and ecological systems. To
achieve the goal of sustainable development, it is essential to introduce a market-based
approach to water resources management. This may include appropriate water allocations
and entitlements for different industries and sectors; water trading should be encouraged as
it tends to relieve pressure on limited water resources. While the market-based approach can
work in managing domestic, industrial, and agricultural water consumption, the responsibility
of securing environmental water requirements lies with the government, and it needs to be
regulated through legislation.
5. Conclusion
Despite the daunting problems facing North China, there are a number of different avenues
where research has contributed towards improving the situation. In particular, we have high-
lighted the role of field experiments in improving water use efficiencies and of computer
models that offer insight into catchment-scale hydrological processes. Water security contin-
ues to remain the outstanding problem, however, and no one solution is likely to overcome
it. It will require a concerted effort from scientists from a range of disciplines and catch-
ment manager before the threat of severe water shortages – and the associated threat to the
environment – can be alleviated.
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